acid, Mdha is N-methyldehydroalanine, and Adda is (2S,3S, 8S,9S)-3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid (3, 8, 35) . The two acidic amino acids, D-MeAsp and D-Glu, are connected by an isolinkage.
About 40 variants of microcystins have been reported to date (25-28, 37-41, 43) . The L amino acid X has been most commonly found to be leucine (L), arginine (R), or tyrosine (Y) (8) , but alanine (A) (25) , homotyrosine (Hty) (15, 26) , phenylalanine (F) (25) , homophenylalanine (Hph) (26) , methionine S-oxide [M(O)] (25) , and tryptophan (W) (25) variants of microcystins have also been detected. Correspondingly, Z is arginine (R) or alanine (A) (8) , but it might be also aminoisobutyric acid (Aba) (13) , homoarginine (Har) (24, 37, 40) , or also include demethylation of D-MeAsp (i.e., D-Asp) and/or Mdha (i.e., dehydroalanine [Dha] ) (8, 15, 16, 18, 23, 25, 39, 41) . L-Serine has been found in place of Mdha (26, 27) , and D-serine has been found in lieu of D-Ala (40) . Mdha has been replaced occasionally by N-methylserine (25, 40) . a-Monoester variants of D-Glu have been reported previously (25, 43) . The unusual amino acid Adda seems to be important for the toxicity of these compounds (10, 14) . An acetoxyl group instead of the methoxyl group at the C-9 position of Adda (ADMAdda) (24, 37, 40) and a free hydroxyl group at the same position (DMAdda) (25, 40) have been previously reported to retain the hepatotoxicity, but variants which are stereoisomers at the A&6 (double bond at C-6) of the Adda unit are nontoxic (14) .
Microcystins and nodularin have recently been reported to be inhibitors of protein phosphatases 1 and 2A (21, 22, 48) and potential tumor promoters (11, 29) .
The first report of the hepatotoxicity of Oscillatoria agardhii dates from 1981 in Norway &31). To date, two toxins ([D-Asp3]MCYST-RR and [D-Asp ,Dha7]MCYST-LR) have been characterized from a Norwegian 0. agardhii strain (23) and from two 0. agardhii bloom samples (6, 18) .
We have studied the variation of microcystin structures among different species and strains of cyanobacteria (37, 39, 40) . In the present study, we isolated and characterized eight different microcystins from 13 Finnish 0. agardhii strains and determined the structure of one new toxin.
MATERIALS AND METHODS
Organisms. The 13 0. agardhii strains used in this study were isolated from water blooms collected from eight different lakes in Finland. Some of the strains came from the same lake but were collected at different times ( Table 1) . The strains originated from bloom samples which were either hepatotoxic, neurotoxic, or nontoxic as determined by the HPLC analysis of toxins. Dried cells (50 mg) were extracted with 5% acetic acid (50 ml) by being sonicated for 30 min in a bath sonicator. The cells were filtered with a glass fiber filter (GF/C; Whatman International, Ltd., Maidstone, England) and washed with another 50 ml of extraction solution. Toxins were adsorbed to a preconditioned C18 cartridge (3 ml; Analytichem), and the cartridge was washed first with water (6 ml) and then with 20% methanol (6 ml (39) .
Compounds F, G, and H were not identical to known microcystins. Only the structure for toxin F was assigned, since the amounts of toxins G and H were sufficient only for assigning their molecular formulas and amino acid components, as listed in Table 3 .
Structure of toxin F. Toxin F showed a molecular ion peak at mlz 1,042 by FABMS. The molecular formula of toxin F, C48H75N13013, was deduced from the high-resolution FABMS data (Table 3) . Although the molecular weight and RESULTS 0. agardhii strains. All Oscillatoria strains isolated from Finnish lakes were classified as 0. agardhii (Gomont 1982) (45) . Two of the strains were red variants of Oscillatona, and the rest of the strains were green pigmented. Strain 49 had slightly wider filaments than the rest of the strains.
All of these 0. agardhii strains were hepatotoxic by mouse bioassay. Typical signs of poisoning and autopsy findings were recorded; death occurring within 1 to 3 h and dark, blood-engorged livers weighing about 10% of the body weight were observed.
Two to five microcystins were isolated from each Oscillatoria strain (Table 2) . Typically, one toxin was clearly the Five of these compounds were known, but three of them were found to be new microcystins ( Table 2 , and the structures of compounds A to F are shown in Fig. 1 (6, 18) .
The main toxins found in this study were [D-Asp3] MCYST-RR and [Dha7]MCYST-RR. The latter was the dominant toxin in two red-pigmented Oscillatoria strains (strains 18 and CYA 128) and in two green-pigmented strains (strains 223 and CYA 127). The green-pigmented strain CYA 127 was isolated from the same lake (Lake Vesijarvi) as the red-pigmented strain CYA 128. The red-pigmented strain 18 and the green-pigmented isolate CYA 126 both originated from Lake Langsjon, but their main toxins were different. Four separate isolates from Lake Haukkajarvi differed slightly only in the amounts or presence or absence of some minor toxins. All Oscillatoria strains produced only one major toxin at a time, in contrast to the strains ofAnabaena spp. (39) or Microcystis spp. (46) , which usually produced two to four main toxins simultaneously.
The toxins in Oscillatoria strains varied less structurally than the toxins in Anabaena spp. (39) (27) and strain 66 ([L-Ser7]MCYST-HtyR) (26) have been found. In this study, a microcystin containing methylserine was found only when large amounts of cells were extracted. According to Pearce and Rinehart (32) , serine is the biosynthetic precursor of dehydroalanine, which indicates that the new minor compound identified in this study might be an intermediate product of the main toxin, [D-Asp3]MCYST-RR, produced by all three strains. However, very little is known of the biogenesis of these compounds at present.
Mass occurrences of toxic Oscillatoria spp. are known at least in Scandinavian countries (2, 31, 42 ; also this study), Italy (5), and The Netherlands (19) . 0. agardhii strains do not usually form scums on the water surface, since they prefer lower light intensities for growth, but they might occur in masses deeper in the water column (20) . Protein phosphatase inhibition and tumor promotion make these toxins hazardous to human populations that depend on the water for drinking. Since mass occurrences of Oscillatoia spp. may be found close to the water intake line level, they seem to be among the most troublesome species in this respect. Conventional water treatment procedures (slow sand filtration and chlorination) do not remove the toxins, whereas activated carbon and ozonization have been previously found to be effective (17) . The toxin production of some of the strains has been studied earlier (36) . The main toxin seemed to remain the same, regardless of the different environmental conditions used in this study, but the toxin concentrations in the cells varied at different temperatures, light intensities, and nitrate nitrogen concentrations. We have also isolated 15 0. agardhii strains which were not toxic by mouse bioassay (42) , and genetic differences between these toxic and nontoxic isolates remain to be studied. 
